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.NOHENCLATU RE

S -number of students moving from one semester to another/unit time.

With ST subscript refers to student hold-up or storage.

/
/.

Subscripts - ' - y ' _ | &

Ty number of stddents xrsnffe:fed»OUt/unit tfme; .

T « number of students transferred in/unit time. -

ST - the storage of students or the nunber of stddénts he{d

» - .
back/unit time.

0,1,2,3,etc.. reférs to semesters.

‘Superscripts . , .
1,2,3,etc. refers to semesters.
‘ .
S ) refers to entire tlow system. ,
1 refePs to semester index.
»> \
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Introduction ' , | | ,

“plained. \Widener College academic system analysis has been in_éxistence'

L}the or no effort is put }nys the study of student flow systems at
the small coIIége level. VHowever. it is possible to apply simple contin-
uity afong“bith graph theory to produce he]pfuI.academic system ahaIyﬁis
techniques which may be utilized by the college to generate imoortant data
on a co;tinuous bas%s. Hozgjéf the infofmation shown'here wi11lbé\new and
helpful to sﬁaII liberal afti colleges. If is to bLe expected that largéf*“*(g
univérsities should be appIy{ng this appreach (or similar approaches)
rather routinely. .ﬁ‘ .” ' i‘ . 1

As will Le noted mdgxﬁbf the calculations can éaSin be done oy hanp

by someone in the office of the dean once the model has been clearly ex-

for about five years with a relatively large store of historical data being

produced by hand calculations.
The Gene?a[ Concept ' Y
The'principaI concept inherent in the technique is tp lay out a graph
“of all semesters or nodes (0, 1, 2._3: etc. to"9) along with an input
LS

(transfer in) block and an output block (gransfer put)? Arcs are connected -

from node? zero (high school) to node nire{graduation). These are all placed

in a time forward position. Into and out of each node. (except 0 and v)

transfer flow arcs are placed; this forms a graphical format as shown in

Figure I. The transfer Llocks can be analyze¢ with regard to "Centers”

or #Colleges” :which would be rows of the block\.the columns refer to the

semester (or node) in which the transfer was made. \One might discuss the

student flow system as being tomdbséd-of a simple network with md1t1p1e

inputs and outputs.

?
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‘Mathematical ‘Aspccts of Student Flow System

Figure 1 may be represented in another mode with inputs, outputs and

storages shoun. Hote the arc flow symbols:
. S A

| Soi. 512’ So3s S3¢’ etc. are inputs into nodes 1, 2,q§,~4, etc.

i

SO]’ 5125 523. 534, etc; are outputs from node;»O, 1, 2, 3, etc.

I ¢

b 'STX];,STXZ' STX?’ STX4’ etc. are student transfers 1nto‘nodes 1, 2, 3, 4, etc.
S L ) 2 S 3 S 4 etc. are student transfers out of nod svl 2, 3, et 2
TY * °1Y * °TY * °T1Y ° . X u ut o .Q ’ y 95 €TC.
) ./ o
The Use of Continuity
- o .
The nodal balances”(semester balances) or continuity Walances are
now written using the word equation below:
" Student Flow __.(Etudent Flow) , (Storage) . |
' of
OQut of tlode : X Into llode Students
\ C 4
' Let the superscripts be the node under anﬁlysis. Also, x as a sub-
script designates an input; y as an output.
Semester Balances  (5) .
For semester one (node 1): . . 1
Flov out Flow in Storane - (2)
e AP IS N By gy
: 12 TY 01 TX st
Semester 2: ‘
2 2 2 2 2 - e
Sp3 * Sty " S12 Six Sy =0 (3) E
v ‘ . ' L.
Semester 3: . o
3 3 3¢ 3,c 3,
Sag * Sty " S23 ~Six S =0 (4)
Semester 8: \

8 8 8 8 8 _
Sgg * Sty - S;g ~Sx tr °0

(5)




If the equations for all nodes are added then an overall ba155ce
. ot e 4 > n . .
results for the system. Ed ; "
Overall Balance
e ] 2, ¢ 3 8 1 2 3
Sgg * (Spy * Sty  * Sqyl - - - - Spy ) - Spy - Gy Sy Sy - - -
- )
8 S _ ‘
TS )t Ser =0 o (6)
N Generally the nodal balances can be shown as: & |
i et ' _ i i :
{4+ 1) - at (Spy - Stx)' * Sgp =0 (7) \
i = the serester under analysis’
Exarmple: i =1
t 1 1 1=0 4
S12 = Sor * By - T S | (8)
. i | &
1=2
2 2 2 2 _
Sz = S12 * BSyy - Sp)" *Sgr =0 (9)
i
Etc. v

_Expression (7) and (6) are in essence all that is neeégp to §tudj a
particular graduation class. For one interested in showing or using this
approach in matrix form equations (2), (3), (4) etc. may te placed in

4

matrix notation.
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Solution to Simple Problem .

In equation (10) it is obviodﬁﬁﬁhht eight simultaneous equaéions !&iét;
This then per%its eight unknowns to be present 5n fﬁe-model. A typical
: ',\problem might be  to célcu'late all of th:a, inputs on transfers fo‘r a specific ‘
class. See Figure 2 for ;ompletéd flow chart; B
Given Data™ . - | |

Inputs: Qutputs: Assume No

. 1 Storage. :
S 100 : 512 = 92 ‘ '
: _ Tﬂerefore:
2 ' < 2 . : .
Sy, .2 92 S = 86 1 2 _
12 23 o SST.’ SST. Etc = 0.
37 » . 3 _ ' ' '
Spq” = 86 | - Sqq” = 85
. . 4 _ ' 4 _
5 : 6 _
< 6 _ ' 6,
. 7 - i 7 . -
8 . | 8 . ~
Transfer Inputs:
2 6 &
Six =1 S =0
3 _ 7
S’ < 7 sy
‘4 = 8 =
N T Six =0
Unknowns: . . )
1 2 3 4 5 ¢« 6 ¢ 7 8 |
Sty » Sty v Sty Sty e Sty Te Sty e Sty e Sy “ -

‘Putting the known Qa]ues of the symbols shown in (10) into thaB

equation gives:




(st)

(2

0 (, 1{0=g 11%!1
AL
L (0 -73°7s) .
: AL
: 2 (0 -¢S)
. L _ AL .
L (z = M)
1 AN IM>HmV .\.
AL N
9 (- Mol
5 e ﬁ: - Ptc
‘ | :53A16 X{J3BW JaySuea] A3 40y (Z|) uOpssaudxd BupAalog >
P - - J - J p
0] . K (0 - gMs) | st 6 |
0 ol . (o - Ntm.v st 5t
0 0 ~ AL 9L 6l
|
0 / 0 (0 - mtc 8L 9L
’
= L , ' .
0 0 > (2 - qtc 58 8L
0 o Jo (L= (Ms) . o8 68
0 0 (- Nta 26 98
AL
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gguation (14) is the solution for all output transfers for a part-

fcular class and in a particular “college or center" (see Figure 21for com-

P

pleted flow graph) It is rather simple to put all center or college data
into a computer in conJunct1on with this model (equation 10 or 11); tivis isgz ‘

a student flow model. " University: administrators cou]d use these models

quite easily to represent a student f1ou model for the entire inst1tution and
could interrogate the computer any t1ne to obtain an up-to-date picture of

the student flows.

Conclusiln . ~ .- | -
A student flow model has been formed from the continuity prineip]e in

/ oo
order to determine student flous. Hodels for all centers or co]leges'can

be held-in a computer for future 1nterrbgation by interested administrators.
£ . ’ . v K/
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